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ABSTRACT 
The effects of different rotation systems (wheat-wheat, vetch-wheat, fallow-wheat, chemical fallow-wheat 
and vetch-fallow-wheat) and soil tillage methods (plough, chisel, anatolian plough and no tillage) on the 
grain/hay yield and some yield components in wheat and vetch were studied. no tillage with vetch-fallow-
wheat and chemical fallow-wheat were found to be the most profitable combinations. Agricultural 
activities are based on animal production in Eastern Anatolia, for that reason no tillage and vetch-fallow-
wheat seem to be advisable to the region. 
Key Words: Wheat, vetch, tillage, rotation, fallow, no tillage, yield, soil.  
 
INTRODUCTION 
Wheat is the dominant crop in the Eastern Anatolia as in Turkey  where rainfall is low 
(< 500 mm) and variable. Cropping systems in the region are diverse and are dependent 
on the annual precipitation. Due to large seasonal fluctuations in precipitation, low 
yields or crop failures due to drought stress (intermittent and terminal) are common. At 
least more than 50 % of the total rainfall comes during winter (November to February) 
and the summer is virtually dry. The wheat- fallow system typical of cereal production 
in the region where wheat is rotated with fallow every other year.  Yield is so low and it 
is under the effect of many factors including lack of favourable rotation and soil tillage 
systems.  It has been declared that in the long run, wheat yield in favourable rotation is 
much more higher than monoculture wheat production (Black and Siddoway, 1977). 
Rotation offers producers easier control of diseases, insects, weeds, allows for increased 
yields and helps ensure crop stability. It also reduce erosion, improve chemical and 
physical properties and increase bioactivity in soil. (Willis, 1976; Stiegler, 1987). Toth 
and Kismanyoky (2001) determined that vetch was the best preceding crop for wheat in 
rotation system and it is . The yield of winter wheat was significantly higher in rotation 
system  than monoculture. Some studies concluded that removing fallow from wheat- 
fallow system is impossible but placing vetch- fallow- wheat system is more suitable 
and profitable in areas that receive less than about 500 mm rainfall. Fallow increases 
soil water capacity, grain yield and water- use efficiency, controls weeds more 
efficiently (Tosun et al., 1987; Sayadian and Taliee, 2001). 
Majority of wheat in Eastern Anatolia is grown on land that has been fallowed ant tilled 
some time before or at the time of seeing.  Tillage time and type are important for 
keeping soil water capacity, improving soil properties, reducing erosion (Black and 
Power, 1965; Black and Siddoway, 1977).  One of major trends in dryland farming 
towards reduced tillage. In different countries, use of chemical fallow, reduced and no 
tillage is becoming more widespread (Hamblin, 1987; Fischer, 1987; McDonald and 
Fischer, 1991).  Reduced or no tillage enable better soil water storage, decreases costs 
of inputs, pressure and erosion of soil (Fischer, 1987). Triplett et al. (2002) revealed that 
applying no tillage has advantage than plough tillage. They found that though there was 
no statistically difference between plough tillage and no tillage, no tillage seemed as 
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more profitable and it increase more organic matter in soil. The purpose of this study 
was to determine the effects of different rotation systems (wheat- wheat, vetch-wheat, 
fallow-wheat, chemical fallow-wheat and vetch-fallow-wheat) and soil tillage methods 
(plough, chisel, anatolian plough and no tillage) on wheat yield, some yield 
components, and some soil characters.   
 
MATERIALS AND METHODS 
This study was carried out in the Ilica location of Eastern Anatolia Research Institute, 
Erzurum, Turkey from 1999-2001. Precipitation was 277.5 mm in 1998-1999, 235.4 
mm in 1999-2000 and 343.4 mm in 2000-2001. Soil properties were; soil: sandy-loam, 
E.C.(mmhos cm-1): 2.60, pH: 7.63, lime (CaCO3, % ): 0.33, phosphorus (P2O5, kg/ha): 
174, potassium K2O, kg/ha): 2408, Organic matter (%): 2.09. Palandoken-97 (Triticum 
aestivum L.) wheat genotype was used. It is winter-habit wheat genotype, released for 
irrigated conditions, white and 41 g 1000 seed weight, tall (102 cm), resistant to 
lodging, cold and stripe rust. Hungarian vetch (Vicia panonica L.) was used. 
Ammonium sulphate (21% N) and triple super phosphate (46 %) were used as fertilisers 
in the study. Experimental design was split-split plot design (Little and Hills, 1978; 
Mead et al., 1994). Plot size was 5 m x 30 m (150m²).   
Rotation systems were wheat- wheat, vetch-wheat, fallow-wheat, chemical fallow-
wheat and vetch-fallow-wheat. Total herbicide in chemical fallow was used. Selective 
herbicide as a weed control  in wheat plots was used. Tillage systems were plough, 
chisel, anatolian plough and no tillage.  Wheat was sown in 1-15 September  with 36 cm 
between rows (Ozcan and Acar, 1990) and seed rate was 475 seed /m² (Akkaya, 1994). 
60 kg N/ha (½ at sowing stage and ½ at tillering stage) and 60 kg  P2O5  (at sowing) 
were applied (Akkaya, 1993; Kiral and Ozcan, 1990). Vetch was sown (Celik, 1980), 50 
kg N (Tan and Serin, 1995)  30 kg P2O5 (Serin et al., 1999) were applied at sowing. 
Yield, seed number per spike, spike number per m² (Kiral and Ozcan, 1990; Akkaya, 
1994), soil moisture content, soil volume weight, organic matter content, aggregate 
stability soil porosity (Demiralay, 1993) were evaluated in wheat. In vetch, yield (Celik, 
1980; Tan and Serin, 1995) soil moisture content, soil volume weight, organic matter 
content, aggregate stability soil porozity (Demiralay, 1993) were evaluated.      
 
RESULTS AND DISCUSSION 
Yield 
The effect of years, rotation systems on yield and interaction of year and rotation system 
were found to be significant at 1% in wheat (Table 1). The highest yield was taken from 
1st year. There were no statistically difference in tillage systems (1537.6-1690.1 kg/ha). 
besides, the highest yield was obtained from chemical fallow- wheat (1771.2 kg/ha), 
fallow- wheat (1689.5 kg/ha) and vetch- fallow- wheat (1654.5 kg/ha).  Wheat- wheat 
(1393.2 kg/ha)  gave lowest yield (Table 2). Effect of years on yield was significant at 
1% (Table 3) in vetch.   The highest vetch yield (4876.5 kg/ha) was obtained from 1st 
year (Table 4). No differences were determined in rotation (2757.1- 2919.2 kg/ha) and 
tillage systems (2675.3- 3052.7 kg/ha).   These results assign that no difference 
occurred among tillage systems. Having advantages in terms of lower fuel consumption, 
erosion rate no tillage could be profitable and safely used. Similar findings were found 
in some studies that differences among tillage systems an no tillage has advantage for 
lowed inputs and is more effective to improve soil conditions (Ambika et al., 1971; Pot 
and Ouwerkerk, 1980; Lindswall and Anderson, 1981).  Moreover, chemical fallow- 
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wheat, fallow- wheat and vetch- fallow- wheat could be used for high yield. vetch- 
fallow- wheat rotation system in other word placing vetch in fallow- wheat system 
improves soil properties and contribute fodder crop production. Tosun et al. ( 1987) 
found  that vetch- fallow- wheat rotation system is the most profitable system and it 
gives the highest yield. Table 5 showed that no significant differences occurred with 
reducing tillage; by applying fallow- wheat (21%), chemical fallow- wheat (27%) and 
vetch- fallow- wheat (19%) significant increase occurred. In vetch, Differences on rate 
in tillage abnd rotation systems were insignificant.  
Seed Number per Spike 
In wheat, the effect of years and rotation systems on seed number per spike, interactions 
of year and tillage system, year and rotation system were determined as significant at 
1%. Besides, differences among rotation systems were significant at 5% (Table 1).  
Only 3rd year gave the highest see number per spike (23.8). Tillage with plough, no 
tillage and tillage with chisel gave higher seed number (23.6, 22.9 and 22.6, 
respectively) than tillage with Anatolian plough.  Seed numbers per spike in vetch- 
fallow- wheat (23.5), Chemical fallow- wheat (23.1), wheat-wheat (22.4) were so higher 
than vetch wheat (Table 2). Studies related to this subject pointed out that highest seed 
numbers per spike were obtained from tillage with plough (Debruck, 1971; Abbas and 
Al Rawi, 1989) and  vetch- fallow- wheat (Sadowski., 1992). Reducing tillage 
decreased (Table 5) but placing fallow in rotation system increased  seed number per 
spike (-10% in no tillage and 27% in chemical fallow- wheat). 
Spike Number per M² 
As seen in Table 1, differences among tillage systems an rotation systems were 
determined as significant at 1%.  Interactions of year and tillage system,  year and 
rotation system, tillage system and rotation system, year and tillage system and rotation 
system were determined as significant at 1% (Table 1). Seed numbers per m² in tillage 
with plough, tillage with chisel and no tillage were higher (309.7, 304.2 and 299.9, 
respectively) than tillage with Anatolian plough (290.2).  Highest seed number per m² 
(Table 2) was taken from fallow- wheat (320.1) and vetch- fallow- wheat (309.2). 
Abbas and Al Rawi, (1989) and D’Antuono et al., (1992) found similar results that  
highest seed number per m² was obtained from tillage with plough, nevertheless, fallow- 
wheat application gave highest seed number (Sadowski., 1992). Reduce in tillage 
systems decreased (Table 5), fallow based rotation systems increased  spike number per 
m² (-7% in tillage with anatolian plought and 12% in fallow- wheat). 
Soil Moisture Content  
Soil moisture content is one of the most effective components in high yield and depends 
on rotation systems, tillage systems and rainfall. In wheat,  effects of years, tillage and 
rotation systems on soil moisture content,  interactions of year and tillage system, year 
and rotation system were found as significant at 1% (Table 1). Soil moisture contents in 
first (11.4%) and second (11.2%) years were evidently higher than last year.  The 
highest value was taken from no tillage (11.4%) and fallow included applications 
(chemical fallow- wheat 11.3%, fallow- wheat 11.1% and vetch- fallow- wheat 10.9%) 
gave higher soil moisture (Table 2). In vetch, differences among years and tillage 
systems were significant at 1% and tillage system x rotation system interaction  was 
significant at 5% (Table 3). Soil moisture contents in first year (10.4%) and second year 
(10.1%) were so higher. No tillage gave highest value (10.8%) than the other tillage 
systems (Table 4). Keeping sufficient soil moisture content and obtaining high yield is 
impossible excluding fallow in rotation (Tosun et al., 1987).  Our findings were similar 
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to other studies that the highest soil moisture contents were obtained from no tillage 
(Faroogi, 1983; Yushkovich and Ershov, 1985) and fallow- wheat system (Black and 
Siddoway, 1979; Abu Kreshe et al., 1996). With 14% no tillage and with 18% chemical 
fallow system made increase in soil miosture content than tillage with plough in wheat. 
No tillage made 0.3% increase than tillage with plough in vetch (Table 5).  
Soil Volume Weight  
Effects of years, tillage systems on soil volume weight were determined as significant at 
1% and differences among rotation systems were significant at 1% in wheat (Table 1). 
Third year gave highest soil volume weight (1.18 g/cm³). The highest values were 
obtained from tillage with plough (1.16 g/cm³) and no tillage (1.15 g/cm³) in tillage 
systems. Fallow- wheat (1.15 g/cm³), chemical fallow-wheat (1.14 g/cm³) and wetch- 
fallow- wheat (1.14 g/cm³) gave highest soil volume weight in rotation systems (Table 
2). In vetch, effect of years was significant at 5% (Table 3) and soil volume weights in 
third (1.22 g/cm³) and second (1.12 g/cm³) years were higher than the first year (Table 
4). In some studies tillage with plough (Modetus et al., 1992; Norwood, 1992) and 
fallow- wheat (Norwood, 1992) gave highest soil volume weight. Table 5 showed that 
no significant differences took place among tllage and rotation systems in vetch.  
Fallow- wheat system made 2% increase in soil volume weight and reducing tillage 
decreased soil volume weight. 
Soil Organic Matter Content   
In wheat, effect of rotation systems on soil organic matter content and tillage system x 
rotation system interaction were significant at 1%. Besides, effect of years and tillage 
systems on soil organic matter content were found as significant at 5% (Table 1). 
Organic matter content in 2nd year (2.18%) was lower than the other years. More 
organic matter content in no tillage (2.37%), tillage with chisel (2.28%) and tillage with 
anatolian plough (2.31%) were taken. In the same way, fallow- wheat (2.38%),  
chemical fallow- wheat (2.35%) and vetch- fallow- wheat (2.32%) gave more organic 
matter (Table 2). As seen in Table 5, applying no tillage and fallow- wheat made 12% 
and 16% increase in organic matter  than tillage with plough and wheat- wheat systems; 
with decreased tillage rate, organic matter increased in soil.  
In vetch, effects of years, tillage and rotation systems on soil organic matter content, 
and year x tillage system x rotation system interaction were significant at 5% (Table 3). 
Organic matter content in 2nd  and 3rd  years (2.32% and 2.30%, respectively) were more 
than the fist year. More organic matter content in no tillage (2.41%) was taken. Vetch- 
fallow- wheat (2.21%) provided more organic matter (Table 4).   Applying no tillage 
(25%) and vetch- fallow- wheat (6%) increased organic matter  than tillage with plough 
an vetch- wheat systems;  Decreased tillage rate increase organic matter in soil (Table 
5).  It was declared that decrease on tillage systems (Pryczkova and Jurencak, 1976; 
Hernanz et al., 1986) and placing fallow on rotation systems (Muzilli, 1983) in dry 
farming significantly increased organic matter content in soil. No tillage (Allmaras et 
al., 1982; Klein and Wicks, 1987) and fallow- wheat systems gave the highest organic 
matter in soil.  
Soil Aggregate Stability   
Effects of years, tillage and rotation systems on soil aggregate stability were significant 
at 1% in wheat (Table1). Soil aggregate stability in 1st year (1.50%) and no tillage 
system (2.31%) were highest than the other year’s tillage systems. Monoculture (wheat-
wheat system) showed lowest soil organic aggregate stability (Table2). As seen in Table 
5, decreasing tillage system (270% in no tillage) a placing fallow (128 in vetch-fallow-
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wheat) in rotation made clearly enhance in soil aggregate stability than tillage with 
plough and wheat-wheat systems. In vetch, effects of years, and tillage systems on soil 
aggregate stability were significant at 5% and 1%, respectively (Table 3). Aggregate 
stability in 3rdyear (1.11%) and in tillage with plough (0.62%) was lowest (Table 4). No 
tillage (233%) and vetch- fallow- wheat (1%) increased aggregate stability than tillage 
with plough a vetch-wheat systems (Table 5). Similar results found in various studies no 
tillage (Schneider and Gupta, 1985; Unger, 1984) and fallow including rotation systems 
(Aina, 1982; Doran et al., 1999) increased soil aggregate stability. 
Soil Porosity   
Only difference in tillage systems was significant at 1% in wheat (Table 1) and tillage 
with anatolian plough (57.2%) gave highest soil porosity (Table 2). Effects of years and 
tillage systems on soil porosity were significant at1% and 5%, respectively in vetch 
(Table 3). While soil porosity in 1st year (57.9%) was higher; with 54.7%, tillage with 
plough gave lowest value (Table 4). Tillage with chisel and anatolian plough (1-3%) 
provided more increase in wheat and vetch. No tremendous increase or decrease 
occurred in rotation systems (Table 5).  Studies related to this subject showed that no 
statistically difference was recorded in roration systems (Norwood, 1992; Abu Kreshe 
et al., 1996); however, significant differences were obtained from tillage systems and 
tillage with plough gave the highest soil porosity (Abu Kreshe et al., 1996).  
So, results in this study showed that no tillage with vetch- fallow- wheat and chemical 
fallow-wheat were found to be not only the most profitable combinations but this 
combination is best method for improvement of soil chemical and physical properties. 
Agricultural activities are based on animal production in Eastern Anatolia, for that 
reason no tillage and vetch-fallow-wheat seem to be advisable to the region.  
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Table 1. Variance Analysis of Tillage and Rotation Systems for Characters in Wheat. 
Variables Yield (kg ha-1) 











Stability (%) Soil Porosity (%) 
Year 330.15** 45.55** 1.88 61.30** 252.31** 8.10* 12.31** 1.05 
Error1 - - - - - - - - 
Tillage Systems  2.21 10.66** 5.25** 19.73** 6.06** 4.88* 33.12** 38.81** 
Year x Till. Sys. 1.35 4.63** 7.27** 4.34** 1.93 1.25 1.85 1.72 
Error2 - - -   - - - 
Rotation Sys. 16.30** 3.13* 10.55** 25.64** 2.49* 7.62** 13.40** 1.67 
Year x Rot. Sys. 6.72** 3.05** 3.04** 5.49** 0.98 1.52 1.92 1.53 
Til. Sys. x Rot. Sys. 1.22 0.99 3.34** 1.07 1.35 3.57** 1.61 1.65 
Y. x T. S. x R.S.   1.08 1.00 1.93** 1.39  0.40 0.69 0.82 
Error3 - - - - - - - - 
Total - - - - - - - - 
C.V. (%) 9.23 14.00 11.79 16.22 4.45 12.57 14.51 4.46 
Table 2. Yield and Yield Components and Soil Characteristics Related to Tillage and Rotation Systems in Wheat.  
Variables Yield (kg ha-1) 
Seed Number per 
Spike  









(%) Soil Porosity (%) 
1998-1999 1366.6 B 21.7   B 294.8 11.4 A 1.11   B    2.31 a 1.50 A    58.7     
1999-2000 1154.3  B 22.3   B 301.2 11.2 A 1.12   B 2.18   b 1.37     C 58.4 
2000-2001 2336.7 A 23.8 A 306.9   8.9    B 1.18 A 2.30 a 1.44  B 56.2 
Mean 1619.2 22.6 300.9 10.5 1.14 2.26 1.44 57.7 
Tillage Systems 
Tillage with Plough 1690.1 23.6 A 309.7 A 10.0     C 1.16 A 2.11   b 0.62     C 55.5      C 
Tillage with Chisel 1641.2 22.6 A 304.2 A 10.0     C 1.14   B 2.28 a 1.21   B 56.4   B 
Tillage with Anatolian 
Plough  
1607.8 21.2   B 290.2   B 10.8   B 1.12     C 2.31 a 1.61   B 57.2 A 
No Tillage 1537.6 22.9 A 299.9 AB 11.4 A 1.15 AB 2.37 a 2.31 A 56.0   BC 
Mean 1619.2 22.6 301 10.6 1.14 2.27 1.43 56.3 
Rotation Systems 
Vetch- Wheat 1587.7   B 21.3   B 300.9   BC 9.8   B 1.13   b 2.24   B 1.44 A 56.4 
Fallow- Wheat 1689.5 AB 22.7 A 320.1 A 11.1 A 1.15 a 2.38 A 1.55 A 56.1 
Wheat- Wheat 1393.2    C 22.4 AB 285.5     D 9.6       B 1.13   b 2.05     C 0.76     B 56.6 
Chemical Fallow- Wheat 1771.2 A 23.1 A 289.2     CD 11.3 A 1.14 ab 2.35 AB 1.69 A 55.9 
Vetch- Fallow- Wheat 1654.5  B 23.5 A 309.2 AB 10.9 A 1.14 ab 2.32 AB 1.74 A 56.1 
Mean 1619.2 22.6 301.1 10.6 1.13 2.27 1.43 56,2 
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Table 3. Variance Analysis of Tillage and Rotation Systems for Characters in Vetch. 
Variables Yield (kg ha-1) 
Soil Moisture Content 
(%) 





(%) Soil Porosity (%) 
Year 1329.64** 100.28** 7.26* 13.62* 3.23* 47.56** 
Error1 - - - -  - 
Tillage Systems  1.46 12.80** 0.32 12.46* 10.95** 3.90* 
Year x Till. Sys. 2.14 0.13 1.42 1.15 1.02 1.92 
Error2 - - - - - - 
Rotation Sys. 1.71 0.99 0.34 4.90* 2.11 2.04 
Year x Rot. Sys. 0.46 0.06 1.34 2.20 1.84 1.56 
Til. Sys. x Rot. Sys. 0.45 3.27* 0.52 0.48 1.31 1.34 
Y. x T. S. x R.S.   0.42 1.73 1.20 2.56* 0.98 1.03 
Error3 - - - - - - 
Total - - - - - - 
C.V. (%) 12.21 11.87 12.13 12.87 10.21 11.35 
 
Table 4. Yield and Yield Components and Soil Characteristics Related to Tillage and Rotation Systems in Vetch.  
 
Variables Yield (kg ha-1) 
Soil Moisture Content 
(%) 





(%) Soil Porosity (%) 
1998-1999 2307.1    B 10.4 A 1.08    b 2.01   b 1.35   ab 57.9 A 
1999-2000 1930.2       C 10.1 AB 1.12 ab 2.32 a 1.66 a 56.4   B 
2000-2001 4876.5 A 9.3     B 1.22 a 2.30 a 1.11    c 52.9    C 
Mean 3097.9 9.9 1.14 2.21 1.37 55.7 
Tillage Systems 
Tillage with Plough 2919.2 9.5     B 1.12 1.92     c 0.62      C 54.7   b 
Tillage with Chisel 2884.4 9.7     B 1.14 2.17   b 1.37    B 56.4 a 
Tillage with Anatolian 
Plough  
2757.1 9.6     B 1.12 2.12   b 1.44 AB 56.5 a 
No Tillage 2893.6 10.8 A 1.16 2.41 a 2.07 A 55.3 ab 
Mean 2863.6 9.9 1.13 2.15 1.35 55.7 
Rotation Systems 
Vetch- Wheat 3052.7 9.8 1.14 2.09   b 1.38 57.2 
Vetch- Fallow- Wheat 2675.3 9.9 1.13 2.21 a 1.40 56.3 
Mean 2864.0 9.8 1.13 2.15 1.39 56.7 
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Table 5. Increase in Yield and Yield Components and Soil Characteristics with Application of Tillage and Rotation Systems in Wheat.  
 
Wheat 
Variables Yield  











Stability  Soil Porosity  
Tillage Systems 
Tillage with Plough 0  0  0  0  -  0  0  0  
Tillage with Chisel -3  -4  -2  0  -2  8  95  1  
Tillage with Anatolian Plough  -5  -10  -7  8  -4  7  160  3  
No Tillage -10  -3  -6  14  -1  12  270  0.9  
Rotation Systems 
Wheat- Wheat 0  0  0  0  0  0  0  0  
Vetch- Wheat 14  -5  5  2  0  9  89  -1  
Fallow- Wheat 21  1  12  16  2  16  103  -1  
Chemical Fallow- Wheat 27  3  1  18  0.1  15  122  -2  
Vetch- Fallow- Wheat 19  5  8  13  0.1  13  128  -1  
Vetch 
Variables Yield Soil Moisture Content  Soil Volume Weight  Organic Matter Content  
Aggregate Stability  Soil Porosity  
Tillage Systems 
Tillage with Plough 0  0  0  0  0  0  
Tillage with Chisel -2  2  0.2  13  120  3  
Tillage with Anatolian Plough  -6  1  0  10  132  3  
No Tillage -1  13  0.3  25  233  1  
Rotation Systems 
Vetch- Wheat 0  0  0  0  0  0  
Vetch- Fallow- Wheat -13  1  -1  6  1  -2  
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